Outpatient follow-up in specialized heart failure clinics (HFCs) is recommended by current guidelines and implemented in most European countries, but the optimal duration of HFC programmes has not been established. Nor is it known whether all or only high-risk patients, e.g. identified by NT-proBNP, might benefit from an extended HFC follow-up.
Introduction
Despite advances in the treatment and care of heart failure (HF) patients, it is debatable whether the long-term clinical outcome is much improved, 1,2 especially after an admission. 3 The prevalence of HF is still increasing in many countries 4, 5 and .14 million individuals suffer from HF in Europe. New strategies for reducing mortality risk and the burden of hospital admissions are urgently needed. As health-care resources are limited development of concepts that can rationalize the use of specialist care is similarly required.
In Denmark guideline authors recommend that all patients with systolic HF are referred to an outpatient HF Clinic (HFC) for up titration of evidence-based therapy such as angiotensin-converting enzyme inhibitors (ACE-I)/angiotensin II receptor blockers (ARB), beta-blockers (BB), aldosterone receptor antagonists (ARA) and evaluation for device therapy as well as disease education, selfmanagement, and physical rehabilitation. 6 After optimal medical therapy has been instituted and the disease management programme has been completed, stable patients are referred back to their personal general practitioner (GP). However, the prognosis of these patients is still poor and we hypothesized that high-risk patients might benefit from an extended follow-up in the HFC. This multi-centre, randomized, controlled trial was conducted to determine whether an extended follow-up in an HFC would reduce the composite endpoint of a cardiovascular (CV) admission or death from any cause among stable systolic HF patients treated with optimal medical therapy. We further hypothesized that a potential effect was driven by the improvement in the outcome of high-risk patients identified by NT-proBNP ≥1000 pg/mL at randomization and, therefore, speculated that the implementation of NT-proBNP could rationalize the use of specialist care.
Methods

Study design
The design of the NorthStar study has been published in detail. 7 It is an investigator initiated multi-centre, randomized, open-labelled blinded endpoint (PROBE) trial. A steering committee (the members of the steering committee are listed in what follows) designed and oversaw the conduct of the trial and data analysis. The trial progress was monitored by an executive steering committee. Data were collected, managed, and analysed by the investigators according to a predefined statistical analysis plan. The manuscript was prepared by the executive steering committee, whose members had unrestricted access to the data, and was subsequently revised by all authors. All authors made the decision to submit the manuscript for publication and assume responsibility for the accuracy and completeness of the data and analyses. Representative from the study sponsor (Roche Diagnostics) had no influence on the study design, data analysis, or manuscript preparation.
Study patients
The trial was approved by The Danish Ethics Committee (KF 01/ 2724936). All patients provided written informed consent and the study was performed according to The Helsinki Declaration II. Patients were recruited from 18 out of 40 public HFCs in Denmark from November 2005 to December 2009. Eligibility criteria were as follows: age of at least 18 years, a left ventricular ejection fraction (LVEF) of no .45% at the baseline visit in the HFC, educated in HF (¼educated in HF and self-management) and on optimal medical therapy with an ACE-I/ARB (unless contraindicated), a BB (unless contraindicated) at the recommended-or the maximal tolerated dose, an ARA (unless contraindicated), and an ICD and/or CRT, if indicated. In addition, patients were required to fulfil predefined criteria for clinical stability (¼no changes in doses of diuretics, HF symptoms and NYHA class constant, and physical examination without signs of volume overload) at two consecutive visits in the HFC. 7 Exclusion criteria were: plasma creatinine .200 mmol/L, waiting for a heart transplant, valvular, or ischaemic heart disease with planned surgery or percutaneus intervention, withdrawal of ACE/ARBs, BB, and ARAs due to a reversible cause of cardiomyopathy, malignancy with life expectancy ,5 years, and dementia.
Study procedures
Balanced and simple randomization with strata was used. Patients were randomly assigned by sealed envelopes at every participating site in a 1:1 ratio to either follow-up by the extended HFC programme or usual care by a GP. Allocation was stratified according to NT-proBNP +1000 pg/mL, a value close to the median of NT-proBNP levels in different HF cohorts. 7 In that way it was expected that the present population could be split into a low-and high-risk group. The 18 HFCs were divided into five blocks based on expected included number of patients (balanced randomization). The investigators and the GPs were aware of NT-proBNP levels. In patients randomized to usual care, a discharge letter including the objectives of the study, NT-proBNP value, and medical status was sent to the GPs. The GPs were not trained in relation to the study. Patients allocated to usual care arranged an individual follow-up programme with their GP, whereas patients allocated to an extended follow-up in the HFC completed the following programme: visits at 1 -3-month intervals in the HFC at the discretion of the investigators. Medical treatment was controlled at each visit to ensure adherence, and if adherence decreased education was repeated. Symptoms, weight, blood pressure, and electrolytes were monitored in the clinics, and if the HF disease progressed doses of diuretics were adjusted and potential need for the escalation of guideline therapy was re-evaluated. Comorbidity was also managed in the clinics. The patients had access to free daily telephone consultations with the HF nurse who was supervised by cardiologists. At the end of the followup, all living patients from both groups were invited to an end-of-study visit in the HFC. Data were captured in an electronic Case Report Form used in all the HFCs.
Study outcomes
The primary endpoint, which was analysed as the time from randomization to the first event, was a composite of death from any cause or admission for a protocol-specified CV cause. Reasons for such admissions included worsening HF, myocardial infarction, stroke, cardiac syncope, hypertension, unstable angina, and arrhythmia. The secondary endpoints were death from any cause, admission for a CV cause, admission for worsening HF, over all admission, patients admitted, admission days and number of admissions, Minnesota Living with Heart Failure Questionnaire score ( ¼ health-related quality of life), functional class, and plasma level of NT-proBNP at end-of-study visit. The vital status and hospital admissions were evaluated by an independent endpoint committee unaware of study-group assignments and NT-proBNP levels. The committee used ICD codes (criteria) from the validated Danish Personal Registry. 8, 9 Adjudication of endpoints using direct source data was not performed.
Statistical analysis
Based on data from a meta-analysis, 10 it was assumed that the HFC intervention would result in a 25% reduction in the primary composite endpoint. The event rate for the primary composite endpoint in the control group was assumed to be 15% per year, derived from rates in an observational study with similar patients. Assuming a two-sided a of 5% and b of 80%, this led to a sample size of 1000 patients, evenly distributed between the two treatment groups. No interim analyses were planned and randomization was planned to happen from November 2005 to December 2009. 7 It was planned that patients should be followed from 6 to 4.5 years (median 2.5 years). Enrollment was stopped at the predefined date, where 921 patients were randomized.
NT-proBNP stratified follow-up in heart failure Data from all patients who underwent randomization were analysed according to the intention-to-treat principle. Comparability of baseline characteristics between the two study groups was assessed by an unpaired t-test (parametric) or a Mann Whitney U test (nonparametric) for continuous variables, or x 2 tests for discrete variables. 
Results
Patients
A total of 6180 patients had at least one visit in one of the HFC during the randomization period ( Figure 1 ). Of these, 1640 fulfilled the criteria for stability and were eligible. n ¼ 54 were excluded due to the presence of exclusion criteria [aortic stenosis (n ¼ 4), p-creatinine .200 mmol/L (n ¼ 8), cancer (n ¼ 9), dementia, or communication problems, (n ¼ 20) withdrawal of ACE-I/ARB and BB (n ¼ 5), heart transplant listing n ¼ 5, frequent and severe angina (n ¼ 2), and waiting for aneurism surgery (n ¼ 1)]. Furthermore, 103 declined to participate in a scientific project, 107 wanted to be followed by their GP, 256 patients had a NT-proBNP ,1000 pg/mL after allocation in this group was completed and 199 consenting patients were randomly assigned for a parallel study. 7 The remaining 921 patients were enrolled; 461 were randomly assigned to undergo follow-up in the HFC and 460 to receive usual care. A total of 723 (91%) of the surviving study patients completed the end-of-study visit, with no between group difference in the rate of completion. Admissions and vital-status verification were completed for 100% of patients. Baseline characteristics of the patients were similar between the two groups ( Table 1) . Patients were elderly, mostly male and comorbidity was frequently present. All patients were well treated with evidence-based therapy as expected based on the inclusion criteria. On average the patients had been followed already for 9 (2-63) months in the HFC at the time of randomization.
Primary endpoint
No significant difference was observed between the two groups in the rate of the primary endpoint, which occurred in 177 patients (200/1000 person-years) in the group followed in the HFC and in 159 patients (172/1000 person-years) in the usual care group. The HR for the primary endpoint of CV admission or death from any cause with the HFC follow-up vs. usual care was 1.17 (95% CI: 0.95-1.45, P ¼ 0.149). Kaplan -Meier time-to-event curves for the composite endpoint of a CV admission or death from any cause did not reveal a significant difference between Continued NT-proBNP stratified follow-up in heart failure the two groups (LogRank: P ¼ 0.148) (Figure 2A ). NT-proBNP ≥1000 pg/mL identified a high-risk group, but the HFC intervention did not improve the outcome for these patients (HR: 1.11, 95% CI: 0.81-1.50, P ¼ 0.526 for patients with NT-proBNP ≥1000 pg/mL and HR: 1.22, 95% CI: 0.90-1.64, P ¼ 0.447 for patients with NT-proBNP ,1000 pg/mL) and any effect modification by NT-proBNP strata was not observed (P ¼ 0.721 for heterogeneity). Kaplan -Meier time-to-event curves for the composite endpoint of a CV admission or death from any cause did not reveal significant differences between the subgroups (Figure 2B) (LogRank: P ¼ 0.196 for NT-proBNP ,1000 pg/mL and P ¼ 0.526 for NT-proBNP ≥1000 pg/mL, respectively).
Secondary endpoints
No significant differences were seen between the two groups with respect to the secondary endpoints ( Table 2) . Admission for any cause occurred in 255 patients (55%) in the HFC group and 236 patients (51%) in the usual care group. The HR for admission for any cause with HFC vs. usual care was 1.11 (95% CI: 0.93 -1.33, P ¼ 0.242) (LogRank: P ¼ 0.242). A total of 60 patients (13%) in the HFC follow-up group and 64 patients (14%) in the usual care group died during the follow-up period. The HR for death was 1.05 (95% CI: 0.74-1.50, P ¼ 0.777) (LogRank: P ¼ 0.777). Cardiovascular admission (LogRank: P ¼ 0.175), HF admission (LogRank: P ¼ 0.862), the number of days spent in hospital, and the number of admissions were also similar in the two groups (LogRank and Table 2 ).
Subgroup analyses
Subgroup analyses (Table 3) showed that none of the baseline characteristics of the patients identified a subgroup in which the HFC programme was effective.
Changes in medication and implantation of devices after randomization
Patient reported adherence did not differ between the two groups ( Table 4 ). The patients in the HFCs more frequently had ARAs initiated (P , 0.001) and doses of diuretics changed (P , 0.001).
Frequency of ICD and CRT implantation did not differ between the two groups.
Follow-up programme in the general practitioner group and cross-over
At the end-of-study visit, patients allocated to usual care were asked: 'how often did you visit your GP concerning your heart disease?' To this 78 (20%) answered 'each month', 47 (12%) answered 'every two months', 113 (29%) answered 'every 1-3 months', 17 (4%) answered 'every 6 months', 24 (6%) answered 'annually', and 117 (29%) answered 'occasionally'. Twenty-four patients (5%) of the patients allocated to usual care were followed in the HFC at the end of the follow-up, 13 (3%) of the patients allocated to the HFC were followed by their GP at the follow-up end, 41 (9%) of the patients allocated to usual care were referred back to the HFC, but discharged again and 59 (12%) of the patients allocated to usual care had visited a cardiologist.
Safety data
Safety data at the follow-up end visit did not differ ( Table 5) . No adverse events were reported during the study.
Discussion
In this multi-centre, randomized, controlled trial involving systolic HF patients on optimal medical therapy, we found no reduction in the risk of CV admission or death associated with an extended follow-up in an HFC when compared with usual care by the GP. Moreover, there was no reduction in the occurrence of any secondary endpoints. In a pre-specified subgroup analysis, NTproBNP ≥1000 pg/mL identified a high-risk group, but the HFC intervention did not improve the outcome even for these patients. The design of our trial differ from previous trials evaluating the long-term effect of an HFC intervention since we tested the effect of an HFC clinic intervention in patients on optimal medical therapy who had already completed the basic educational programme ( ¼ education in HF and self-care management). Our results are partly in contrast to the previously published Australian and Brazilian (REMADHE) single-centre studies. 11, 12 There are, however, significant differences between these studies and the NorthStar study. The results of the Australian study represent a pooled analysis of home-based interventions in somewhat older and predominantly class III -IV patients, and in the Brazilian study adherence to the follow-up programme was 45% in contrast to 97% observed in our study. Furthermore, 91% of the patients visited the HFCs at the follow-up end and only 8% crossed over in our study. In the GESICA trial (extension), 13 patients were on optimal therapy before randomization, and the investigators observed an effect on HF admission after 3 years of the follow-up, but all-cause admission was not reported. Moreover, patients included in the GESICA trial were more symptomatic and required more diuretics than the patients in our study. Furthermore, in GESICA the patients received BB treatment less frequently, which could impact the outcome significantly. Likely, the patients in the NorthStar study were clinically more stable and had completed the basic educational programme, which may explain the difference in the outcome between the studies. Together with the COACH, 14 HART, 15 TELE-HF, 16 and TIM-HF 17 trials our data challenge the results of recent meta-analyses 10,18 suggesting a long-term effect of different HFC programmes beyond optimal medical therapy and basic patient HF education. However, extrapolation of the results of the current study to any local healthcare system would require that the organization and quality of the primary care system be comparable with the usual care arm of the NorthStar study. 19 The primary care system in Denmark is publicly funded with universal access, and .90% of all Danes are treated by a personal GP (family physician). Patients do not pay for consultations or testing at their GP nor do they pay for visits to the emergency department. Outpatients do pay for their medications, but only up to 500 EUR per year beyond which expenses are reimbursed by the state. It is noteworthy that large multi-centre trials testing different follow-up programmes have been neutral, whereas primarily small single-centre trials have demonstrated an effect of disease management programme intervention. Subgroup analyses from COACH 20 and HART 15 have also questioned the 'one size fits all' educational programme and in the IMPROVE HF Registry HFCs were superior only with regard to CRT Figure 2 (A) Kaplan-Meier curves for the primary outcome.
The primary outcome of death from any cause or hospitalization for cardiovascular causes is shown for patients followed in heart failure clinics and those followed by the general practitioners (usual care). The Kaplan-Meier curves illustrate the time to the first event (hazard ratio in the HFC group, 1.17 (95% CI: 0.95-1.45, P ¼ 0.149; P ¼ 0.148 by the log-rank test). GP, general practice (usual care); HFC, heart failure clinic. (B) Kaplan-Meier curves for the primary outcome stratified according to NT-proBNP ≥1000 pg mL. The primary outcome of death from any cause or hospitalization for cardiovascular causes is shown for patients followed in heart failure clinics and those followed by the general practitioners (usual care) stratified according to NT-proBNP ≥1000 pg/mL. The Kaplan-Meier curves illustrate the time to the first event (hazard ratio in the HFC group NT-proBNP ≥1000 pg/mL : 1.11 (95% CI: 0.81 -1.50, P ¼ 0.526; P ¼ 0.526 by the log-rank test and hazard ratio in the HFC group NT-proBNP ,1000 pg/mL : 1.22 (95% CI: 0.90 -1.64, P ¼ 0.447; P ¼ 0.196 by the log-rank test). (P ¼ 0.721 for test heterogeneity). GP, general practice; HFC, heart failure clinic.
implantation and HF education, but doses of ACE-/ARBs and BBs were not reported. 21, 22 Whether experience from dedicated HFCs can be extrapolated to all HFCs in The Western World and whether there is an effect of different HFC programmes beyond optimal medical therapy and basic education is, therefore, debatable, but it should be kept in mind that the HFC intervention is complex and components are difficult to separate.
19,23
The reasons for the lack of benefit are uncertain, but several explanations warrant consideration. We hypothesized that adherence would decrease when patients were referred from the HFC in the hospital setting back to their GP in the primary care setting. This was not the case as estimated by patient reported adherence at the follow-up end ( Table 4) . We further hypothesized that the GPs threshold for admitting the patients would be lower than in HFCs, which was also disproved. Long-term adherence was good and the number of admissions acceptable in the HFC programme, so the HFC intervention did not fail, but the results of the follow-up by the GPs surpassed our expectations with a low proportion of cross-over. A discharge letter to the GPs including the medical status and the objectives of the study may explain this observation and our results underscore the importance of good communication between the HFC and primary care.
It may be argued that we should have implemented a more intensive HFC follow-up program. However, telemonitoring/structured telephone interviews have not improved the outcome in recently completed multi-centre trials 16, 17 and in Denmark elderly patients are eligible to receive home visits by a geriatric nurse as part of routine care. Patient reported adherence to drug therapy was .90% and a pharmacist could probably not improve this. 24 Whether the implementation of biomarkers can improve the outcome in systolic HF patients on optimal medical therapy is unclear 25 and similarly, the efficacy of advanced implantable monitoring systems is yet generally unproven in NYHA class II patients. 26, 27 However, it is clear that new concepts which can improve the outcome beyond careful clinical care in patients who are considered stable need to be identified in the future, as .50% of the patients in the current study required hospitaladmission within 2.5 years. Selection bias at enrollment is always a serious concern when trial results are reported. At randomization our patients had the same age, LVEF, and prevalence of ischaemic heart disease as the whole Danish Heart Failure Clinic Registry, 28 but NYHA class and medication were different which was expected since we intended to investigate clinically stable patients. In theory, patients can be too healthy or too sick to respond to an intervention. 29 The
NorthStar population had a three-fold increased risk for mortality and CV admissions compared with an age-matched population, 30 and a lower event rate than the whole Danish Heart Failure Clinic Registry, 28 so we believe that our patients were appropriate for the applied intervention and that selection bias at enrollment cannot explain the lack of effect. We choose a composite endpoint consisting of mortality and a CV admission. It may be argued that we should have focused on HF admission. However, in a long-term study HFCs may prevent death 18 and patients may be admitted due to, e.g. myocardial ischaemia and atrial fibrillation, and not only for decompensation. The mortality rate, CV admission rate, HF admission rate, overall 
CV, cardiovascular; HF, heart failure; NT-proBNP, amino-terminal-pro-brain-natriuretic-peptide; NYHA, New York Heart Association. NT-proBNP stratified follow-up in heart failure admission rate, number of admissions, and admission days were not improved by the HFC follow-up programme ( Table 2) . Therefore, the HFC programme had no effect on any secondary endpoint leaving selection of a wrong endpoint as an unlikely explanation of observed neutral result. We also tested the hypothesis that the implementation of NT-proBNP could rationalize the use of specialist care. NT-proBNP identified high-risk patients, but the intervention could not improve the long-term clinical outcome despite the use of a biomarker for risk stratification. 31 In a recently published study of eplerenone in moderate HF, BNP/NT-proBNP was successfully used as an inclusion criterion 32 and in a study of a statin in ischaemic cardiomyopathy patients with the lower NT-proBNP levels benefited from statin treatment in a post hoc analysis, 33 but our data suggest that NT-proBNP cannot be used to identify patients on optimal medical therapy who can benefit from specialist care for a longer period of time. This is in contrast to data reported for newly discharged patients. 34 The latter study did, however, randomize the patients before target doses were reached and it may be argued that all newly discharged HF patients not on optimal therapy should be considered as high-risk patients 28 who need follow-up in an HFC. 35 All other subgroup analyses were also neutral ( Table 3) . Some methodological issues and limitations require consideration. When we designed the study it was routine to refer stable patients on optimal medical therapy back to their GP. In consequence we designed the study as a superiority trial and not as a non-inferiority trial. We may conclude that an extended HFC intervention is not superior to the follow-up with the GP and that patients can be safely referred back, but we have not shown that the two models for the follow-up are equal. We powered the trial to detect a difference of 25% and we may, therefore, have overlooked an effect of 10-15%, which could be of potential clinical relevance. 36, 37 The NT-proBNP stratified hypothesis was a pre-specified interaction analysis and all unmeasured confounders were balanced due to the randomization process, but it may be argued that the trial was not powered to evaluate subgroups. 38 However, given the actual result of the study we believe that a type II error did not likely occur. The generalizability of our results is limited to patients with HF due to systolic dysfunction in functional class I -II. It may be considered that the selection of patients with systolic HF is a strength of the study given the lack of homogeneity of HF with preserved ejection fraction patients and the lack of evidence-based interventions in this patient group. Only 10% of our patients had a device implanted, which is a lower rate for this period than in both the USA 21 and
Europe. 39 Finally, whether the inherent open design of our trial has biased the results in either direction remains unknown.
Irrespective of the level of NT-proBNP stable HF patients on optimal medical therapy do not benefit from long-term follow-up in a specialized HFC in a publicly funded universal access healthcare system. Patients on optimal medical therapy with mild to moderate symptoms can safely be discharged to their personal GP implying that the HFC should focus on up titration of medication and basic education of all patients and reserve an extended follow-up for patients with severe symptoms.
